Conclusions: Coronary plaque regression was associated with the baseline hs-CRP level in patients treated with a combined lipid-and blood pressure-lowering therapy.
benefits of statins are attributed to their cholesterollowering effects, both coronary atheroma regression 6) and clinical event reductions 7) have also been shown to independently correlate with statin-mediated CRP reduction 8) . Moreover, an amlodipine-based blood pressure (BP)-lowering regimen reduced hs-CRP levels and the incidence of major cardiovascular events in patients with hypertension compared with beta-blocker-and angiotensin-converting enzyme inhibitor-based regimens 9, 10) . However, few data exist regarding the relationship between changes in hs-CRP levels and plaque
Introduction
Although the statin-mediated cholesterol-lowering therapy improves clinical outcomes, many treated individuals demonstrate atheroma progression 1) and experience subsequent cardiovascular events. Inflammation is a key factor involved in the initiation, progression, and instability of atherosclerotic plaques 2, 3) , and some consider the prognostic efficacy of the baseline highsensitivity C-reactive protein (hs-CRP) level to be equivalent to that of serum cholesterol levels 4, 5) . Although the Copyright©2019 Japan Atherosclerosis Society This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.
Serial Measurements of Lipid and BP
Serum cholesterol and triglycerides were measured every 2 months during the observation period to regulate atorvastatin and other lipid-lowering medication dosages. Apolipoproteins were analyzed at a central clinical laboratory (SRL, Inc., Tokyo, Japan) at baseline and follow-up. BP was measured using a manual cuff and stethoscope monthly throughout the observation period to regulate amlodipine and other BP-lowering medication dosages.
Intravascular Ultrasound Examination and Analysis
Details of the IVUS examination and analysis have been documented elsewhere 13) . Briefly, an Atlantis SR Pro 2, 40 MHz imaging catheter (Boston Scientific, Natick, MA, US) was used to analyze the coronary plaque volume. The baseline and follow-up IVUS images were reviewed side-by-side on a display, and the target segment was selected. The target segment was determined in a non-PCI site ( 5 mm proximal or distal to the PCI site, or the other artery) with a reproducible index such as side branches, calcification, or stent edges. The IVUS catheter pullback was performed automatically at 0.5 mm/s. The plaque volume was assessed by volumetric analysis with the echoPlaque2 system (Indec Systems, Inc., Los Altos, CA, US). Standard 3-dimensional IVUS parameters such as vessel, lumen, and plaque volumes were assessed at both the baseline and follow-up. Volumetric data were standardized by length as the normalized volume, where the volume was multiplied by the median length analyzed in the entire cohort and divided by each observed length to compensate for differences in the segment length between patients. The percentage change in the plaque volume was defined as a change in the plaque volume (followup minus baseline plaque volume) divided by the baseline plaque volume.
Statistical Analysis
Continuous variables are expressed as the mean standard deviation if normally distributed, and as the median (interquartile range) if non-normally distributed. Categorical data were compared using the chi-square or Fisher's exact tests. Differences between the groups were evaluated by the analysis of variance for normally distributed continuous variables and by the Kruskal -Wallis tests for non-normally distributed continuous variables. A test of trend in the IVUS parameters was performed across quartiles. The effects of the plaque volume at baseline on IVUS parameters were evaluated by the analysis of covariance with the plaque volume at baseline included as a potentially confounding variable. Since the distribution of the hs-CRP values was skewed to the left, a logarithmic transformation and a regression in the setting of combined atorvastatin and amlodipine therapy.
The Myocardial Ischemia Treated with Percutaneous Coronary Intervention and Plaque Regression by Lipid Lowering & Blood Pressure Controlling assessed by Intravascular Ultrasonography (MILLION) study, a prospective, randomized, multicenter investigation, evaluated the combined effect of aggressive low-density lipoprotein cholesterol (LDL-C) treatment with an atorvastatin-based therapy and BP control with an amlodipine-based therapy on the progression and regression of coronary plaques. That study demonstrated that lipid-and BP-lowering therapies acted synergistically to reduce coronary plaque 11) .
Aim
This subanalysis of the MILLION study aimed to evaluate the hypothesis that baseline hs-CRP predicts coronary plaque regression and progression in patients receiving combined statin and amlodipine therapy.
Methods

Study Population
Our subanalysis of the MILLION study (the University Hospital Medical Information Network ID: 000002829, https://upload.umin.ac.jp/cgi-open-bin/ctr/ ctr_view.cgi?recptno=R000003446) was approved by the institutional review boards of all participating institutions. Written informed consent was obtained from all enrolled patients at the start of the study. The study design was previously reported 12) . Briefly, 97 patients with coronary artery disease were randomized to receive either aggressive or standard reduction of both LDL-C and BP by atorvastatin-and amlodipine-based therapies after a successful percutaneous coronary intervention under the intravascular ultrasound (IVUS) guidance. In the aggressive treatment group, the target serum LDL-C level and BP were 70 mg/dL and 120/70 mmHg, respectively. In the standard treatment group, the target serum LDL-C level and BP were 100 mg/dL and 140/90 mmHg, respectively. If the LDL-C or BP did not reach the target value after the administration of the maximal atorvastatin or amlodipine dose, any lipidor BP-lowering medication could be added. Follow-up IVUS examinations were performed after 18 -24 months of statin and calcium channel blocker therapy.
In the present study, patients with 3-dimensional IVUS data at both the baseline and follow-up in the MILLION study were identified and stratified according to the baseline hs-CRP level quartiles (25% quartile 0.66, 50% quartile 1.92, and 75% quartile 8.15 mg/L).
(HDL-C), triglyceride, systolic pressure, or diastolic pressure at baseline or follow-up between the 4 groups ( Table 2) . Moreover, there were no significant betweengroup differences in the extent of change in LDL-C, HDL-C, triglycerides, systolic pressure, or diastolic pressure after treatment ( Table 2) .
Intravascular Ultrasound Parameters
There were no significant differences in the vessel volume normalized, lumen volume normalized, or plaque volume normalized across the baseline hs-CRP level quartiles. (Table 3) . Furthermore, there were no significant differences in the percentage change in the vessel volume normalized, lumen volume normalized, or plaque volume normalized across the baseline hs-CRP level quartiles. Percentage change in the plaque volume rose progressively with increasing the baseline hs-CRP (p 0.05 for trend) ( Table 3, Fig. 1 ). In the analysis of covariant with plaque volume at baseline included as a confounding variable, the percentage changes in the vessel volume normalized, lumen volume normalized, or plaque volume normalized were not significantly different among the baseline hs-CRP level quartiles. Also, there was no interaction between the baseline hs-CRP level and the plaque volume at baseline (Table 3) .
Factors Associated With Percentage Change in Plaque Volume
A multiple linear regression analysis, including age, male sex, and baseline HbA1c and log hs-CRP as covarinatural logarithm [log (hs-CRP)] were employed to achieve approximate normality in further analysis. Univariate and multivariate linear regression analyses were performed to detect factors that influenced percentage changes in the plaque volume. Univariate predictors with a p-value 0.2 were entered into the multivariate model. A p-value 0.05 was considered statistically significant. Stat View 5.0 (SAS Institute, Cary, NC, US) was used for data analysis.
Results
Baseline Characteristics
Sixty-eight enrollees of the MILLION study had the baseline and follow-up IVUS data (mean age, 62.9 years; female, 21.2%). Diabetes and acute coronary syndrome were diagnosed in 22 (32.4%) and 43 (63.2%) of these patients, respectively, and plaque regression was observed in 52 (76%). Previous lipid-lowering therapy was administered in 15.4% of patients. There were no significant differences in baseline characteristics in the 4 groups stratified by the baseline hs-CRP level quartile (Table 1) .
Lipid and BP Control
In all cohorts, patients achieved very low LDL-C levels (69.1 17.5 mg/dL) and BP (118.6 13.2/70.8 11.9 mmHg) following 18 -24 months of atorvastatin and amlodipine therapy. There were no significant differences in LDL-C, high-density lipoprotein cholesterol Values are mean standard deviation or number (%). ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein
Discussion
The current analysis investigated the effect of baseline hs-CRP levels on the coronary plaque progression in patients who achieved very low LDL-C levels (on average, 69.1 mg/dL) and BP (on average, 118.6/70.8 mmHg) following 18 -24 months of atorvastatin and amlodipine therapy. Our subanalysis of the MILLION study produced 3 main findings in patients receiving potent lipid-and BP-lowering treatment. First, there were no significant differences in the baseline or follow-up LDL-C or systolic and diastolic BP between the 4 groups stratified according to baseline hs-CRP level quartiles. Further, the extent of post-treatment changes in LDL-C and BP showed no significant between-group differences. Second, a linear association was observed between the baseline hs-CRP levels and percentage changes in plaque volume, although changes in LDL-C and systolic and diastolic BP did not correlate with the percentage change in the plaque volume. Third, given these conditions, multiple regression analysis with an ates confirmed that the baseline log hs-CRP was independently associated with the percentage change in the plaque volume ( 0.29, p 0.022) ( Table 4) . However, the log hs-CRP at the follow-up and delta log hs-CRP were not associated with this percentage change. The baseline LDL-C level and systolic and diastolic BP were not significantly associated with the percentage change in the plaque volume.
Factors Associated With Baseline hs-CRP
Univariate and multivariate linear regression analyses were performed to detect factors that influenced the baseline hs-CRP. Multiple linear regression analysis including age, male sex, baseline white blood cell, and creatinine phosphokinase, and clopidogrel usage at baseline as covariates confirmed that the baseline white blood cell and clopidogrel usage at baseline were independently associated with the baseline log hs-CRP ( 0.37, p 0.0013, 0.25, p 0.0245, respectively) ( Table 5 ). risk, as assessed by the baseline hs-CRP, may have an associated risk of future plaque progression. Recently, in the Canakinumab Antiinflammatory Thrombosis Outcome Study (CANTOS), canakinumab anti-inflammatory therapy targeting the interleukin-1 innate immunity pathway that reduces CRP and interleukin-6, led to a significantly lower rate of recurrent cardiovascular events than did placebo, independently of lipidlowering treatment 19) . This result demonstrated that reducing vascular inflammation reduces the rate of cardiovascular events even in the absence of concomitant lipid-lowering therapy and may support our findings paradoxically.
We found that the baseline hs-CRP level was associated with the percentage change in the plaque volume, but changes in LDL-C and systolic and diastolic BP were not. Our results might have been affected by some of the conditions in the MILLION study. Approximately 15% and 65% of participating patients received lipid-and BP-lowering therapy before enrollment, respectively, resulting in a relatively low cholesterol level and BP even at baseline. Moreover, the percentage changes in LDL-C and BP in the MILLION study were relatively low when compared to those of previous placebo-controlled studies 10, 20, 21) because, for ethical reasons, a placebo arm of patients who were not receiving lipid-lowering therapy could not be included. Given these conditions, although the LDL-C concentration and BP have been established as causative risk factors in coronary disease, the effects of a lower LDL-C level and BP on plaque regression might be attenuated causing the impact of inflammatory markers such as adjustment for clinical characteristics and IVUS parameters demonstrated that the baseline hs-CRP level was independently associated with the percentage change in the plaque volume.
Previous trials using IVUS to study the effect of statins on coronary atherosclerosis demonstrated a linear relationship between post-treatment LDL-C levels and the reduction in atheroma burden [14] [15] [16] [17] . On the other hand, although the mean on-treatment LDL-C levels in the Study of Coronary Atheroma by Intravascular Ultrasound: Effect of Rosuvastatin Versus Atorvastatin (SATURN) were among the lowest achieved in any previously conducted imaging study of statin effects on atherosclerosis, 1 in 3 patients still experienced disease progression 14) . Similarly, the Global Assessment of Plaque Regression With a PCSK9 Antibody as Measured by Intravascular Ultrasound (GLAGOV) trial demonstrated that the mean on-treatment LDL-C level was 36.6 mg/dL after the addition of the PCSK9 inhibitor evolocumab in patients treated with statin therapy, resulting in a favorable effect on coronary atherosclerosis progression measured by IVUS. However, as in the SATURN study, one-third of the patients still experienced disease progression despite achieving very low LDL-C levels 18) . The results of these trials suggest that other factors, such as inflammation, contributed to disease progression, independently of the cholesterol level in up to one-third of treated patients.
The main findings of our study confirm that hs-CRP might be associated with atherosclerosis progression, independent of the LDL-C level. Further, statinand amlodipine-treated patients with an inflammation Values are mean standard deviation. Analysis of covariance. Interaction between the baseline hs-CRP and the plaque volume at baseline. hs-CRP, high-sensitivity C-reactive protein.
line hs-CRP levels above 2 mg/L were considered as the threshold indicating the presence of an inflammatory condition. In our study, 50% of all patients did not achieve an LDL-C less than 70 mg/dL at the followup; however, 91% of all patients achieved an hs-CRP less than 2.0 mg/L at the follow-up, suggesting that our cohort still had residual cholesterol risk. Under these conditions, the baseline hs-CRP level might have greater contribution to the percentage change in the plaque volume as compared with the effects of lower LDL-C level in this study. On the contrary, in some clinical trials including only patients with an hs-CRP below 2 mg/L, any type of LDL-C-lowering treatment did not change the CRP levels in spite of a substantial LDL-C reduction 18, 25) . These results suggested that the beneficial effect of LDL-C lowering therapies on systemic inflammatory status, as monitored by changes in hs-CRP levels, was evident only in patients presenting with increased inflammatory conditions. In our study, the frequency of hs-CRP less than 2.0 mg/L at hs-CRP on plaque regression to be relatively exaggerated in the current study. Moreover, previous studies suggested that the best clinical outcomes were observed in patients who reached both an LDL-C less than 70 mg/dL and an hs-CRP less than 2.0 mg/L 7, 22) . The JUPITER trial suggested that the greatest reduction in cardiovascular events was in the treatment group that achieved both LDL-C less than 70 mg/dL and hs-CRP less than 2 mg/L (65% reduction), compared with only a 33% risk reduction in patients that achieved one or neither target 23) . Furthermore, the CANTOS study confirmed that statin-treated patients with a residual inflammatory risk, as assessed by means of a hs-CRP 2 mg/ L at baseline, had future event rates that were at least as high as those among statin-treated patients with a residual risk due to the LDL-C level 19) . Amano T, et al. reported that the lipid-rich plaque assessed by the Virtual Histology IVUS and hs-CRP level 2 mg/L at baseline could predict a coronary event during the follow-up period 24) . From these results, patients with base- 
Conclusion
Our results demonstrate that in patients simultaneously treated with lipid-and BP-lowering therapies, plaque regression and progression were associated with the baseline hs-CRP level. Inflammation may be an important factor that drives the progression of coronary atherosclerosis despite an aggressive lipid-and BPlowering therapy.
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Appendix
The following are the major participants in the MILLION Study Group: Masakazu Yamagishi, Masabaseline was 51.5% of all cohort, those who had only a small change of hs-CRP in spite of statin therapy, indicating that these patients did not present a relevant systemic inflammation. Therefore, the change in the hs-CRP level was not a factor that influenced percentage changes in the plaque volume.
Study Limitations
The present study has several limitations. First, it was a retrospective study based on a relatively limited sample size, raising the possibility of selection bias. Even under these conditions, however, we found that the baseline hs-CRP may be independently associated with plaque regression and progression. Second, as designed, our group comparison did not benefit from the original study's randomization; thus, the results could be subject to confounding and should be viewed as associative rather than causal. Further prospective studies with a larger number of patients are necessary to more fully evaluate the impact of baseline hs-CRP on coronary plaque regression. Lastly, other unmeasured variables could have influenced systemic levels of inflammation, raising the possibility of confounding bias. Adjustment for variables with p 0.2 in a univariate analysis. BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; (log) hs-CRP, log-transformed high-sensitive C-reactive protein; LDL, low-density lipoprotein.
tal; Masanobu Namura, Masatoshi Ikeda, Yuki Horita, Adjustment for variables with p 0.2 in a univariate analysis. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CPK, creatinine phosphokinase; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; WBC, white blood cell.
